EFFECTS OF ATRACURIUM AND VECURONIUM ON THE LATENCY AND THE DURATION OF THE NEGATIVE DEFLECTION OF THE EVOKED COMPOUND ACTION POTENTIAL OF THE ADDUCTOR POLLICIS N. D. PUGH, N. J. N. HARPER, T. E. J. HEALY AND H. V. PETTS
Increasingly, electromyography is being used to monitor neuromuscular transmission during anaesthesia. Depression of the amplitude of the evoked compound action potential (ECAP) of the adductor pollicis is a widely accepted index of neuromuscular blockade. However, the waveform of the ECAP may change in respects other than amplitude as blockade progresses. The latency of single muscle-fibre action potentials may vary slightly, and it has been observed that the normal variation in latency increases during partial neuromuscular blockade by tubocurarine (Ekstedt and Stalberg, 1969) . It would, therefore, be informative to investigate the time course of the ECAP during the onset of blockade following the injection of either atracurium or vecuronium. Atracurium and vecuronium were chosen as they may have dissimilar actions at the neuromuscular junction (Black et al., 1985) .
PATIENTS AND METHODS
Thirty adult patients (ASA I) undergoing elective surgery were investigated after they had given informed consent to the study which had been approved by the Hospital Ethical Committee. Patients were allocated randomly to three groups: a control group of patients who received no neuromuscular blocking drug, and patients who received either atracurium or vecuronium.
Neuromuscular transmission was investigated as follows: the ulnar nerve was stimulated at the right wrist with single supramaximal square wave pulses of 0.2 ms duration at 20-s intervals. ECG-type electrodes were used for stimulation and recording (Medicotest Q.OO.S). Since the position and geometry of the electrodes influence the shape of the ECAP (Lynn et al., 1978) , a standardized electrode position was used to minimize this source of variability. The active electrode was placed over the motor point of the adductor pollicis and the inactive electrode over the head of the second metacarpal. The ECAP of the adductor pollicis was band-pass filtered between 2 Hz and 10 kHz, amplified, and displayed using a storage oscilloscope incorporating a time measurement cursor with a discrimination of 0.08 ms (Medelec MS91 electromyography system). The gain of the system was adjusted to produce an ECAP amplitude of between 10 and 20 mV during the control period in each patient. A permanent record was obtained on heat sensitive paper via a digital buffer. The amplitude of the ECAP was measured from the peak negative deflection to the isoelectric line. Percentage blockade was derived for each patient from the depression of the amplitude compared with three, pre-blockade control values.
For the purpose of this investigation, the time from the stimulus artefact to the instant at which the ECAP crossed the isoelectric line was defined as the negative deflection time ( blockers were those reported in a previous study (Black et al., 1985) to produce an expected 95% depression of ECAP amplitude (ED 86 ). The ECAP was recorded until blockade was maximal, or for 6 min in the control group.
RESULTS
There were no significant differences (analysis of variance) between the three groups of patients with respect to their mean ages or weights. In the control group an apparent decrease in the NDT occurred during the period of measurement (table  I) , but the change was not significant (one-way analysis of variance). A scattergram of all the measurements of percentage change of ECAP amplitude and NDT after the injection of atracurium is shown in figure 3 . A small decrease in NDT was followed by a general increase as blockade progressed. This increase in NDT became more marked in the presence of profound blockade. The changes in NDT associated with blockade by vecuronium are shown in figure 4 . In order to examine any difference between the effects of atracurium and vecuronium, all the measurements included in each group were divided into ranks, each spanning an arbitrary 10% of ECAP amplitude depression (table II) .
The maximum mean total change in NDT was about 13% in both groups. The NDT was prolonged at an earlier stage of blockade by atracurium than by vecuronium and the difference between the groups was significant (Student's t test) (P < 0.05) between 50 and 90% amplitude depression.
The percentage changes in latency in each rank of ECAP amplitude depression were also compared (table III) . There was a significant decrease in latency when the 0-10% blockade interval was compared with the 80-100% blockade intervals in those patients who received atracurium (P < 0.05). In the patients who received vecuronium, no significant differences were found. When the atracurium and vecuronium groups were compared, significant differences were found between the groups at the 80-90% and 90-100% blockade intervals (P < 0.05) (Student's t test).
DISCUSSION
We have demonstrated that, during the onset of blockade associated with atracurium or vecuronium, depression of the amplitude of the ECAP was associated with prolongation of its duration. The mechanism underlying this effect has not been identified, but this change was not seen in the control group, which suggests that the changes observed after atracurium or vecuronium were unlikely to reflect a time-related effect. It is possible to suggest several sites at which a drug may increase the time from nerve stimulation to the end of the gross depolarization phase of the muscle. Conduction velocity in motor nerves is increased by gallamine (Thornton, Whelpton and Brown, 1968 ) and a similar effect of atracurium might explain the decrease in latency observed with this drug. The main effect on NDT is, therefore, likely to be intrajunctional or in the propagation of the muscle fibre action potentials throughout the adductor pollicis. It has been established that the velocity of propagation of the muscle action potential in single muscle fibres is unaffected by tubocurarine (Stalberg, 1966) . A differential increase in the latency of some or all of the muscle action potentials may produce a temporal expansion of the ECAP. However, we have demonstrated that the latency of the compound muscle action potential decreases after atracurium and remains unchanged after vecuronium. Therefore, the increase in NDT is predominantly the result of an increase in the duration of the negative phase of the gross compound action potential and not of an increased delay in its onset. As neuromuscular blockade progresses, increasing numbers of individual muscle fibres fail to reach the threshold required for an action potential. In addition, the time required for the end-plate potentials to increase to this threshold may be increased to a greater extent in some fibres in response to blockade of pre-and post-junctional cholinoceptors. These events may tend to disrupt the temporal and spatial activation of the remaining fibres and, hence, prolong the gross compound action potential recorded by surface electrodes-in addition to reducing its amplitude.
Although the mean maximum increase in NDT was similar after atracurium and vecuronium, the NDT was prolonged to a greater extent for a given degree of amplitude depression during the onset of blockade by atracurium. This suggests that separate mechanisms may be responsible for the attenuation of ECAP amplitude and the prolongation of the depolarization phase. One possible explanation is a greater susceptibility of a particular type or types of fibre to vecuronium than to atracurium. In a muscle comprising discrete groups of fibres of mixed susceptibility, the electrical contribution of the remaining unblocked fibres to the gross compound action potential would be expected to be more uniform in nature. The component action potentials constituting the ECAP might then produce a more synchronous compound action potential and with a smaller increase in NDT than if fibres were inactivated at random. If, in contrast, the shape of the ECAP reflects not the degree of synchronization, but the duration, and hence frequency, of the individual muscle fibre action potentials, preferential blockade of the fast fibres would result in greater slowing of the ECAP wave form. This theory would predict that fast muscle fibres would be blocked more rapidly by atracurium than slow fibres.
Present knowledge suggests that atracurium and vecuronium act predominantly at postjunctional receptors (Calvey et al., 1983; Baird, Bowman and Kerr, 1982) . However, a prejunctional action of atracurium has been demonstrated in the motor nerve endings of the cat soleus (Baker, Stanec and Loundes, 1984) , and the existence of synergism when atracurium and vecuronium are given together (Black et al., 1985) supports the hypothesis that these two drugs may differ in their mechanisms of action. The suggestion that differences in the response of a muscle of mixed fibre type to atracurium could be attributed, in part, to differences in the predominance of the pre-and post-junctional receptors in each fibre type is at present speculative. Further investigation is necessary in order to elucidate the differences between the mechanisms of action of atracurium and vecuronium at receptor level.
